The article will present an innovative educational project to introduce Systems Engineering to third year's students in industrial design engineering at the University of Twente.
1: Introduction
Systems engineering is considered to be an important discipline for now and in the future as the products that will be created are increasingly more complex and have to be created in ever shorter development times [2, 13] . Therefore engineers should at least be aware of the potential of systems engineering to handle these situations. Even more so for students in programs that deal with a broad spectrum of disciplines like industrial design engineering. However, it is generally believed that becoming an experienced systems engineer requires several years of working in the specific environment [8] .
To introduce Systems Engineering, the third year's students do a project that gives them the opportunity to practice some of the systems engineering tools in a complex situation. This article will describe the setup of the project in Section 4, after having explained the curriculum in Section 2 and the relevance of systems engineering to the industrial designer in Section 3. The results and an evalution are given in Sections 5 and 6, respectively.
2: Industrial Design Engineering at the University of Twente
In 2001 the Industrial Design Engineering program started at the University of Twente. The intention has been to create an interesting new program on industrial design, with a 
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Year Minor large portion of technology in order to educate "De Twentse Ontwerper" (designer from Twente) with the slogan "Create the Future" in mind, see [3] . To achieve that, the curriculum consists of courses in drawing and designing, ergonomics, technology, philosophy and social sciences. Both the curriculum and the project centered approach to education are treated in short.
Following the Bologna-agreement, the technical curricula at the University of Twente adopt a three-year Bachelor of Science, and a two-year Master of Science program. The first year of the Bachelor program (see Table 1 and [3, 6] ) is an introduction that deals with nearly all areas of the industrial design field. In the following two years each area is treated more in depth. Each part of the curriculum has a certain theme like designing a consumer product, design of smart products, or design for a specific target group.
The department of Engineering Technology hosts three education programs: Mechanical Engineering, Civil Engineering, and Industrial Design Engineering. The program in Industrial Design Engineering was set-up by staff from the Mechanical Engineering program, with staff from other departments and design experts from outside the university. In Mechanical Engineering, project education has been succesfully used since 1994 (see [12, 14, 16] ) and was therefore also adopted for Industrial Design Engineering.
The basics of project education are that theory has to be used to settle in the mind of the student: learning by doing. To achieve that there is a close relation between the courses presented to the student and the subject and activities of the project. Also just in time education is the aim: a subject is presented when the need for it has arisen in the project. The students work on the assignment in groups of four to eight, depending on the project. For each group there is a staff member appointed as tutor. Each project starts with an exploration of the problem and finishes with a report, an exam and a poster presenting the product. In the exam, everyone is responsible for the final result and its foundation.
3: Relevance of Systems Engineering to Industrial Designers
As stated in [7, p.21 ] that forms the basis of the curriculum, the goal is: ". . . to educate designers of technically complex consumer products . . . " This affirms the observations in [2] that complexity will be more abundant in the near future. Also, modern consumer products incorporate mechanics, electronics, software etc. Thus, their designers must be able to understand these disciplines and use these basics in a designing manner.
The industrial designer will be in many cases the leader of a design project. As the projects will not be very large scale, the role of project manager and technical manager may be incorporated in this one person. He or she has to be able to asses progress both in technical and time/people terms. The relevant tools of systems engineering thus deal with complexity, multi-disciplinary cooperation and tracking progress.
4: The Sensors, Actuators and Systems Project
The Sensors, Actuators and Systems (SAS) project fits in the third year of the program (Table 1) . It forms together with the preceding courses in Dynamics and Advanced Mathematics, the technological deepening in the program and bases on the foundation built in the first year. In general the goal is to enable the students to conceptually design mechatronic systems. For the SAS project, the goals are more specific:
• To learn the physics of sensing and actuating;
• To learn the basics of several types of micro-mechanical sensors;
• To learn the basics and goals of systems engineering;
• To be able to maintain overview in a complex design project. The first two goals must be achieved in the course on Sensors&Actuators, the latter two have to be achieved in the course on Systems Engineering.
There are 5 European student credits available for the entire project (see [5] ). At the University of Twente, one credit equals 28 hours. Thus, the SAS project is rated at 140 hours per student. This has been subdivided in 53 hours each for Sensors&Actuators and for the assignment, and 34 hours for Systems Engineering
There is a particularly close relation between the expected activities for the assignment and the subjects treated in Systems Engineering creating the pursued just in time education. The three parts of the project will be treated in the next subsections.
4.1: Sensors and Actuators
Consumer products will become more interactive: sensors are required to perceive the environment and actuators are required for influencing it. Micro-Electro-Mechanical Systems, or MEMS, [4] are widely used for sensors and actuators, and it is expected their usage will increase. Therefore, knowledge of the operation and possibilities of MEMS and their application is useful for industrial design engineers.
The material used is the aforementioned book [4] , plus several hand-outs.
4.2: Assignment
The assignment is defined so that both the knowledge presented in Sensors&Actuators (Section 4.1) and Systems Engineering (Section 4.3) have to be used. Therefore, the product to be designed has to be complex and has to use sensors and/or actuators. To simulate the working environment more, two aspects are drastically different from other projects: (a) larger groups: 12-14 students each; (b) no tutor assigned to the group. Instead of the tutor, specific staff members are available for discussions.
Contrary to most preceding projects, there is no planning given to the students, apart from two milestones. The date and the contents of these milestones are given in advance:
1. Customer requirements, system requirements, system concept, and sub-systems. 2. Sub-system design, plan for system integration and test, final system design.
The first milestone is planned for three weeks after the project's start; the second milestone is planned for four weeks later. Writing a report would take relatively much time and has been practiced in all preceding projects (see Table 1 ). Therefore, each group has to present one poster on the first milestone. On the second milestone there should be one poster for each sub-system, one for the system design and one for the integration and test. The results of both posters are weighed (1/4 for the first, 3/4 for the second) and lead to the individual grade for the assignment.
In 2004, the subject of the assignment was the design of an intelligent climate-control system for houses. In 2005, the students had to make a setup for an intelligent car.
4.3: Systems Engineering
As seen above, the Systems Engineering course is only 34 credit hours. This means that all the depth and width of systems engineering cannot be treated; a selection of subjects has to be made. The emphasis in the course given has been put on presenting the systems view on the one hand and several useful tools on the other hand. In addition to that, a systems engineering practitioner, Gerrit Muller (author of a.o. [9] [10] [11] ) has been asked to present his view on the softer side of systems engineering.
The subjects covered in Systems Engineering are shown in Table 2 . The table shows the actual sequence used. The initial planning was a bit different, but as the progress of the groups was monitored, the sequence was adapted to better fit the just in time idea. For instance, the treatment of system budgets was brought forward.
The main study material is the INCOSE handbook [8] . The reason for choosing it was that it is a handbook. It provides easy access and proper descriptions of most relevant tools, making application easy. Other books concerned ( [1, 15] ) are more in-depth study books for systems engineering. [1] was used as background for the teacher and for more information on certain subjects.
5: Results
It was interesting to see that, though not directly instructed to do so, the groups appointed systems engineers shortly after having started or directly after the first milestone. The complexity and width of the assignments were apparently chosen correctly to provoke this behaviour. These systems engineers kept the overview and maintained coherence between the different sub-groups.
At the second milestone a short presentation was given about every sub-system, the system design and integration and test plan, followed by a discussion. The tools and way of thinking presented in Systems Engineering were widely applied. Two posters presented are shown in Figures 1 and 2 . In addition to the posters, most groups provided more detail information in several documents.
In 2005 every student had to write a short essay on the application of systems engineering in their project team. This assignment was presented at the beginning of the course in order to have the correct critical attitude in all students during the entire project. The analysis of each essay not only revealed what the student had learned, but all essays together also provide several points of improvement for the next SE-course:
• Some groups regarded the Systems Engineers as the only problem solvers.
• Although treated in the lectures, there was still some confusion on the difference between the tasks of a Systems Engineer and a Project Leader.
• The Systems Engineers were mainly working on system integrity during development.
A systems view during the architectural phase was less pronounced. In particular the latter will receive more attention in 2006.
Based on the presentations and the discussions, the teachers involved determined the grades and gave a written feedback. In 2004 the grades for the project were based on the two poster sessions. In 2005 the poster sessions determined half the grade. The other half was determined by a Sensors&Actuators exam and the Systems Engineering essay.
6: Evaluation
An evaluation of the 2004 SAS-project has taken place after it had ended. Both the teachers and the students have rated the elements and the total set-up of the project.
From students' point of view there have been several unclearaties. Most of them were of practical nature and were solved during the course. Most of these have been eliminitated for the 2005 version. A large part of the criticism on the project were in the direction of Sensors&Actuators. Mainly the integration between the course and the assignment has been too loose. The solution implemented for 2005 is to increase the coupling by choosing an assignment that requires more knowledge on sensors and actuators, by stimulating student's involvement using small assignments of which the results have to be presented in the class, and by adding a written examination for Sensors&Actuators.
The coupling between Systems Engineering and the assignment has been clear for most students in 2004 and 2005. However, as only a few students were appointed as systems engineers, in 2004 most of the other students did not actively acquire the systems engineering skills. To solve this in 2005 every student had to write an essay on the application of systems engineering in their project team, as mentioned in Section 4.3.
Finally, students did like the poster presentations. More instructions for making, and a workshop on how to make, a research poster was requested and was implemented in 2005.
Overall the students rated the project including the courses as seven (out of ten). This clearly indicates that they were largely positive, although some issues required attention.
